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Colorado Statewide Travel Model

1.0 Statewide Model Overview

Development of the Colorado Statewide Activity-Based Travel Model (StateFocus) was initiated in June
2014, but had its roots in previous data collection and model development efforts within the state. The
StateFocus model is based in large part on the DRCOG Activity-Based Travel Model (Focus). Most model
components use the same structure as the Focus model and the starting point for model estimation of each
of the model components was based on Focus. There are several important deviations, other than the
obvious extent of the geographic coverage, of the StateFocus model from the DRCOG Focus model:

i1 Estimation of all StateFocus model components was based on the 2010 FRTC data;

1 The StateFocus model explicitly includes and accounts for longer distance travel than observed within
the DRCOG region;

1T The StateFocus model al so expl iccliotsleyd 6 ntcol uurdse st haantd eaxctce
the start or end of a normal travel day (3:00 AM-2:59 AM); and

1 The population synthesis process for StateFocus is based on PopGen2 developed by Dr. Ram Pendyala
of Arizona State University (ASU)™.

The StateFocus model was estimated and calibrated for 2010. The following section provides an overview of
the data used for the estimation and calibration of the model.

1.1 StateFocus Model Data Sources

1.1.1 Household Travel Data

The model was estimated using data collected in the 2010 Front Range Travel Counts (FRTC) survey of
travel made by residents of the four Front Range Metropolitan Planning Organizations (MPOS):

1 North Front Range Metropolitan Planning Organization (NFRMPO)

1 Denver Regional Council of Governments (DRCOG)

1 Pikes Peak Area Council of Governments (PPACG)

1 Pueblo Area Council of Governments (PACOG)

The fifth MPO in the state, the Grand Valley MPO (GVMPO) for the Grand Junction region, and rural areas
outside of the four Front Range MPOs were not included in the FRTC survey. Table 1.1 summarizes the

numbers of households and persons available in the FRTC survey data for use in the StateFocus model
development.

! Dr. Pendyala was with Georgia Tech University at the time of the development of the PopGen2 procedures for
StateFocus.
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Table 1.1  Household and Person Surveys Available for Model Development

MPO Households Persons
NFRMPO 1,505 3,686
DRCOG 7,302 16,934
PPACG 2,589 6,436
PACOG 989 2,332
Total 12,385 29,388

Source: Cambridge Systematics
1.1.2 Transportation Network Data

Highway Network Data

The 2010 StateFocus highway network was compiled by Colorado Department of Transportation (CDOT)
staff based on highway networks provided by the five MPOs. CDOT staff knit together the MPO networks
and supplemented them with network data developed from CDOT sources for the remainder of the state. All
network data have been geo-rectified to correspond to actual roadway locations and are maintained in
TransCAD? formats. Appendix A provides the highway network data dictionary listing all data required by
StateFocus.

Transit Network Data

The 2010 StateFocus transit network was also compiled by CDOT staff based on transit networks provided
by the five MPOs (for their regional models) or information provided by the transit operators. Table 1.2 lists
the transit systems included and their basic service areas.

Since each of the transit systems operate as independent entities, the requirement to knit together the transit
networks similar to the process used for the highway networks was not required. The transit networks have
been coded on the statewide roadway network and are maintained in TransCAD formats. The RTD system
includes rail se+vigheva yodo d erdprimlix Bfpmviadas khe transit network data
dictionary listing all data required by StateFocus.

1.1.3 Zonal and Socioeconomic Data

StateFocus uses a microsimulation approach for travel forecasting, meaning that travel decisions are made
by individuals living in households (or group quarters) within the state. Thus, StateFocus uses a synthesized
population (see Section 2.1.2) for the state with individual households and employment being assigned to
points throughout the state. Nevertheless, StateFocus also uses aggregate zonal based data for 6,440
Transportation Analysis Zones (TAZs).

2 TransCAD is transportation planning software licensed from Caliper Corporation. TransCAD is designed specifically for
use by transportation professionals to display, manage, and analyze transportation data.

Cambridge Systematics, Inc.
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Table 1.2 Transit Services Included in the 2010 StateFocus Model

Basic Service Area Number of Notes
Transit System Routes

CDOT Commuter Colorado Springsi Denver 2 FREX

Colt Loveland 2

Eagle County Transit Eagle County 8

GET Greeley 12

GVRTA Gunnisoni Crested Butte 2

Grand Valley Transit Grand Junction Region 11 Grand Junction, Clifton, Fruita, and Palisade

Mountain Metro T Colorado Springs Region 38

Pueblo Transit Pueblo Region 26

RFTA Roaring Fork Valley 6 Aspen, Glenwood Springs, Rifle

RTD Denver Regional 433 Boulder, Broomfield, Denver and Jefferson

Transportation District counties, parts of Adams, Arapahoe and

Douglas Counties, and a small portion of
Weld County

SUCAP La Plata County 2 Bayfield, Durango, Ignacio

Steamboat Springs Transit ~ Steamboat Springsi Craig 2

Summit Stage Summit County 4 Breckenridge, Frisco, Leadville

Transfort Fort Collins Region 19

Source: Cambridge Systematics

TAZ definitions and data from existing MPO travel models have been used for the five MPOs in the state;

CDOT staff defined the TAZs outside of the MPOs and compiled the zonal data for those TAZs. StateFocus

zonal data includes control totals (e.g. total households, population in households, etc.), geographic

information (e.g. zone centroid x- and y- coordinates, zonal area, etc.), and other zonal information used by

various model components (e.g. zonal parking costs, ski area acres, etc.). Some of the zonal data are

exogenous inputs to StateFocus and some are derived from other inputs. Table 1.3 summarizes the

numbers of TAZs for each of the five MPOs and the non-MPO area along with the numbers of households,

popul ation in households, group quartersd population, a
Appendix C provides a list of all zonal data used by StateFocus.

Census Data

Data from the 2008-2012 American Community Survey (ACS) data collected by the US Census Bureau were
used to develop marginal control totals for the population synthesis procedures. The ACS data comprise
detailed estimates of household and population characteristics based on random samples taken in each of
the years included in the five-year period. In this way, more statistically accurate estimates of household and
population characteristics can be made for smaller geographic areas. The 2008-2012 ACS data were
selected for use since the years center on the model estimation and calibration year. Table 1.4 lists the
county level household and person characteristics underlying the 2010 population synthesis used for model
calibration. In addition to the county level characteristics listed in Table 1.4, CDOT staff compiled or
developed TAZ level information for households by three household income groups (low, medium, and high)
based on MPO specific definitions, total non-group quarters population, and group quarters population.

Cambridge Systematics, Inc.
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Table 1.3  Selected Zonal Data Summaries
Number of TAZs Households Population in Population in Employment

Region Households Group Quarters

NFRMPO 1,030 191,310 484,352 13,466 253,924
DRCOG 2,798 1,158,223 2,836,703 43,311 1,672,814
PPACG 786 249,518 633,171 19,273 335,568
PACOG 206 62,937 154,742 4,321 68,498
GVMPO 529 58,008 142,580 3,631 73,523
Non-MPO 1,091 283,466 681,171 31,876 381,975
Total 6,440 2,003,462 4,932,719 115,878 2,786,302
Source: Cambridge Systematics

Table 1.4 2010 County Level Population and Household Characteristics Used for

Population Synthesis

Household Household Strata Person Person Strata
Characteristic Characteristic

Household Size 1, 2, 3é7 or mor e |Gender Male, Female

Vehicle 0, 1, 2é4 or mor e |Age Less than 5, 5-14, 15-24, 25-34, 35-
Ownership 44, 45-54, 55-64, 65-74, 75-84, 85 or

older

Number of 0, 1, 2, 3 or more Education Level 12t Grade or Less; High School
Workers Graduate; Some College, No Degree;

Associ ate®Bachedoned
Degree; Graduate or Professional
Degree

Householder White; Black or African American; Race/Ethnicity White; Black or African American;
Race American Indian and Alaska Native; American Indian and Alaska Native;
Asian; Native Hawaiian and Other Asian; Native Hawaiian and Other
Pacific Islander; Other Race; Two or Pacific Islander; Other Race; Two or
More Races More Races
Hispanic Yes, No Employment Not Employed, Employed,
Householder Status Unemployed, Not in Labor Force
Home Own, Rent Occupation Unemployed or Not Available;
Ownership Management, Business, Science, and
Status Arts; Service; Sales and Office;
Natural Resources, Construction, and
Presence of Yes, No Maintenance; Production,
Own Children Transportation, and Material Moving;
Active Military
Source:  Arizona State University PopGen2 Presentation, PopGen2_CDOT_SDO.pptx, January 2018.

Public Use Micro Sample (PUMS)

Similar to the ACS data, the 2008-2012 PUMS data were used for the 2010 population synthesis. The
PUMS data provide detailed information for households and residents collected in conjunction with the ACS
data. The PUMS data provide information for individual households but they cannot be used to identify

Cambridge Systematics, Inc.
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specific households and persons. The PUMS households are geocoded to specific Public Use Microdata

Areas (PUMASs)? which are larger than TAZs. The households and population included in the PUMS data

provide the fArawod sample data for creating the synthesi
selected from Census Tracts in such a way that the resulting distributions of households and associated

population match the specified county and TAZ level marginal distributions. The 2010 PUMS data will be

used for future year population syntheses until a new StateFocus base year model calibration is performed.

Appendix D lists the variables from the PUMS data used for the StateFocus model.

Quarterly Census of Employment and Wages (QCEW)

The QCEW data are reported by employers to the US Department of Labor, Bureau of Labor Statistics on
guarterly basis. The data provide a count of over 95 percent of available jobs by location. The QCEW data
were used by CDOT staff to estimate employment by TAZ outside of areas covered by MPOs. Within the
MPOs, the QCEW data were used as a check and also provide the means to disaggregate TAZ level
employment to the employment categories required by StateFocus and as the foundation for an address-
level set of locations for jobs.

1.1.4 Other Data Sources

Travel To, From, and Through Colorado

Several national-level auto trip data were reviewed for use in the development of the Colorado external auto
trip model. Based on an extensive review of all the data, it was concluded that the following four data
sources were suitable for use in the development of the Colorado external auto trip model:

1 The Traveler Analysis Framework (TAF) is a Federal database focusing on long-distance person trips
greater than 100 miles at the county level. TAF trips were determined suitable for long distance auto
trips, reflecting external-external (EE), or auto trips through Colorado;

1 Journey-to-work (JTW) data from the Census captures person work commute trips at the county level.
JTW trips were determined suitable for mainly short but also long distance business trips, reflecting
external-internal (EI), or auto trips to Colorado, and internal-external (IE), or auto trips from Colorado;

1 StreetLight Data focuses on Colorado, with a geography designed to capture trip frequencies internal to
Colorado as well as border crossings at the state line. StreetLight data were determined suitable for
origin-destination (OD) trip patterns including El, IE, and EE trips; and

1 A national-level toll study performed by CDM Smith was based on several sources including TAF for auto
and Freight Analysis Framework (FAF) for trucks and reflects vehicle OD trips. The national-level toll
study data were determined suitable to use as a means to scale the StreetLight frequency data to vehicle
trips.

As noted above, FAF data for truck movements were used to develop OD trips. The FAF data are produced
through a partnership between Bureau of Transportation Statistics (BTS) and the Federal Highway
Administration (FHWA). The FAF integrates data from a variety of sources to create a comprehensive
picture of freight movements among states and major metropolitan areas by all modes of transportation.

3 PUMAs are geographic units used by the US Census for providing statistical and demographic information. Each
PUMA contains at least 100,000 people. PUMAs do not overlap, and are contained within a single state.

Cambridge Systematics, Inc.
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Starting with data from the 2012 Commaodity Flow Survey (CFS) and international trade data from the
Census Bureau, FAF incorporates data from agriculture, extraction, utility, construction, service, and other
sectors.

The actual data used for StateFocus were the 2012 FAF Version 4 (FAF4) data. FAF4 provided estimates
for tonnage (in thousand tons) and value (in million dollars) by regions of origin and destination, commodity
type, and mode. Data were available for the base year of 2012, the recent years of 2013 - 2016, and
forecasts from 2020 through 2045 in 5-year intervals.

Commercial Vehicle Travel Data

In addition to commercial vehicle travel to, from, and through Colorado discussed previously, data from the
2015 FRTC Commercial Vehicle survey were used to update commercial vehicle travel models for trips
made wholly within Colorado. The original plan for commercial vehicle travel modeling was to use the
commercial vehicle model embodied within the DRCOG Focus model. However, initial validation results for
truck counts on roadway facilities were substantially low. As a result, the DRCOG Focus model commercial
vehicle trip rates were updated based on results from the 2015 FRTC Commercial Vehicle survey.

StreetLight Data

CDOT obtained passively collected Locational Based Services (LBS) data and Global Positioning System
(GPS) data from StreetLight Data, Inc. The LBS data were collected from cellphone apps that collect
locational data and were used to identify travel made in personal use vehicles. The GPS data were collected
from commercial vehicles and were used to identify commercial vehicle travel. The data, collectively referred
to as StreetLight data, were collected in 2014 and 2015 and used for the development of IE, El, and EE
travel models. In addition, the LBS personal use vehicle data were used in the validation of the StateFocus
travel model.

The Streetlight data were used to develop OD trip tables for 160 StreetLight zones defined for Colorado.

The zones included both pass-through zones representing one end of IE, El, or EE travel at external stations
and zones internal to Colorado. The raw StreetLight data provided the information necessary to develop OD
trip tables for an average weekday (Monday-Thursday) or an average weekend (Saturday-Sunday) for both
personal use vehicles and commercial vehicles. In addition, daily or time of day (based on the time at the
origin zone) trip tables could be developed. Finally, tables of average travel times for the interchanges could
be developed from the data provided.

Since StreetLight collected data from LBS devices or GPS equipped commercial vehicles, the raw data

provided fAfrequencyo factors that could be usdhk to scal
relative numbers related to the total numbers of devices in the LBS or GPS universes, not the actual traffic

volumes on the interchanges. As noted above, the data were collected in 2014 and 2015. Thus, the results

needed to be further scaled for comparison to 2010 traffic volumes.

Visitor Data

Initial model validation results showed low traffic volumes destined from Denver and the other Front Range
MPOs to the mountains and Western Slope. Data from a Longwoods International survey performed for the
Colorado Tourism Office for 2011 were acquired and used to develop a relatively simple (in comparison to
other StateFocus model components) visitor trip model. This model improved the validation results.

Cambridge Systematics, Inc.
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1.1.5 Calibration / Validation Data

Longitudinal Employer-Household Dynamics (LEHD) Data

The LEHD program produces information combining federal, state and Census Bureau data on employers
and employees. The Census Bureau combines unemployment insurance earnings data and QCEW data to
create statistics on employment, earnings, and job flows at detailed levels of geography and industry and for
different demographic groups. In addition, the LEHD program uses these data to create partially synthetic
data on workers' residential patterns. The LEHD data were used along with data from the FRTC survey to
calibrate and validate workplace location choice models.

Traffic Count Data

CDOT staff compiled traffic count data from MPOs and CDOT statewide traffic counts. Average weekday
traffic counts for personal use and commercial vehicles were posted on the roadway network and used for
model calibration and validation purposes. Traffic counts for 2010 were posted when available although any
counts for 2008 through 2012 were selected and scaled to 2010 if specific 2010 counts were not available.

Speed Data

CDOT staff compiled speed limit, uncongested speed and congested roadway speed data from existing
CDOT network information, MPOs, and statewide speed data purchased from INRIX. INRIX compiled the
speed data from mobile devices and GPS units in vehicles and provided detailed average speeds on
roadway links for 15 minute intervals throughout the day. The INRIX speed data were aggregated to peak
and off-peak periods for model validation purposes. The speed limit data were used to develop look-up
tables of free-flow (uncongested) travel speeds stratified by roadway function class, area type, and speed
limit for traffic assignment purposes.

Transit Ridership Data

The 2010 StateFocus transit ridership data was compiled by CDOT staff based on ridership data provided by
the five MPOs (for their regional models) or information provided by the transit operators. Table 1.2 lists the
transit systems included and their basic service areas.

1.2 DRCOG Focus and StateFocus Code Base Consistency

During the development of the Statewide Focus model, DRCOG converted their Focus model software from
C# platform tightly integrated with SQL-Server to one that uses text files for inputs and outputs to enhance
model performance. The StateFocus model uses this new platform, and has extended the C# platform as
necessary to implement the statewide model. Efforts were coordinated with DRCOG to maintain a common
codebase between Focus and StateFocus for all processing steps common to both models. The common
codebase is currently maintained on a GitHub repository maintained by DRCOG.

Cambridge Systematics, Inc.
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2.0 Statewide Model Program Flow

Figure 2.1 shows the overall program flow for the statewide travel model as it would be applied for a new
forecast year. When a different transportation alternative is tested for a given forecast year, there is no need
to rerun the portions of the model associated with the population synthesis.

Brief descriptions of the transportation networks, land use and other zonal data, socioeconomic marginal
distributions, and Census ACS PUMS data required as input by the StateFocus model were provided in
Section 1.0. Brief descriptions of TransCAD procedures, PopGen2, and the Truck, IE/EI/EE, and Airport
models are provided below. There are several ancillary procedures not shown in Figure 2.1 that must be
performed whenever a new population synthesis is performed, employment forecasts are changed, or transit
or highway network changes are made. The procedures are used to:

i1 generate actual locations (points) within TAZs for synthesized households or changes in employment,
i calculate virtual centroids of activity within TAZs,

1 calculate distances from each household or employment point to the nearest transit stop, and

1 calculate intersection densities within TAZs.

The ancillary procedures are also described in this section.

The backbone of the StateFocus model is formed by the activity-based model components identified in
rounded rectangle at the center of Figure 2.1. The models are logit-based choice models estimated using
the FRTC survey data. Section 3.0 describes the preparation of the data used to estimate the models and
Section 4.0 provides detailed descriptions of the StateFocus activity-based model components.

2.1 TransCAD Network Skimming Procedures

TransCAD is used to maintain and process transportation networks to provide input zone-to-zone highway,

transit, bicycle, and walk travel skim information, highway traffic assignments, and traffic assignments. A

model application 0 teosenal StedeFatus mbdel fromrTrams@ADrhas been

devel oped usGeogyaphtdnfoimptiorr Sydem Devel oper 6)s ThKTransCAEI S DK
procedures were based on DRCOG6s Focus model procedures
take advantage of new TransCAD 7.0 procedures and improved techniques to streamline model application.

Some TransCAD data structures were updated to help implement the improvements. Finally, the DRCOG

procedures were adapted to make use of the new truck, IE/EI/EE, and airport models developed for

St ateFocus. The St at eF o tposideddetailecspeeduret/feremplendentiGgu i d e

StateFocus.

* The StateFocus model was developed using TransCAD 7.0. The model should be run using TransCAD 7.0, Build
12300 or later.

5 Forthcoming.
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Figure 2.1 Overall StateFocus Model Program Flow
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2.1.1 Roadway Network Path-Building and Skimming Procedures

The StateFocus activity-based models require zone-to-zone roadway travel times, distances, and cost
information as input. The data are generated using TransCAD path-building and network skimming
procedures based on peak and off-peak congested travel time information for ten time periods shown in
Table 2.1. The tour-based model components combine the roadway time, distance, and cost information for
the outbound and return legs of the tour based on the times of day required.

Table 2.1  Time Periods for Roadway Network Path-Building and Skimming

Time Period Designator Time Period Duration
Early Morning Peak AM1 6:30 AM T 6:59 AM % Hour
Mid-Morning Peak AM2 7:00 AMTi 7:59 AM 1 Hour
Late Morning Peak AM3 8:00 AM i 8:59 AM 1 Hour
Early Afternoon Peak PM1 3:00 PM T 4:59 PM 2 Hours
Mid-Afternoon Peak PM2 5:00 PM i 5:59 PM 1 Hour
Late Afternoon Peak PM3 6:00 PMi 6:59 PM 1 Hour
Late Night OP1 11:00 PM 1 6:29 AM 7% Hours
Morning Off-Peak OoP2 9:00 AMi 11:29 AM 2% Hours
Midday Off-Peak OP3 11:30 AM T 2:59 PM 3% Hours
Evening OP4 7:00 PM i 10:59 PM 4 Hours

Source: Cambridge Systematics

Since autos with different auto occupancies have different network choices, highway skims are built for drive
alone, shared ride 2, and shared ride 3+ for each of time periods based on minimizing a generalized cost for
the entire path where the generalized cost for each link is calculated as:

0Q¢ Qi OOEAAIRVY'YQa D N O € i00QEMIYE & &

Where: Generalized Cost is the link cost in 2010 dollars
VOT is the value of time, $0.4164 per minute, in 2010 dollars®
Time is the link travel time in minutes (this travel time may vary by time period due to congestion)
OpCost is the auto operating cost, $0.2776 per mile, in 2010 dollars’
Length is the link length in miles
Toll is the toll cost for the link in 2010 dollars

The cost components are not divided by auto occupancies for the shared ride 2 or shared ride 3+ paths and
skims. Rather, the accounting for cost sharing is taken into account when the skim information is used (see,
for example, Section 4.1.1).

Initial speeds used for building paths for a model run may be obtained from one of two possible sources: a
lookup table of estimated peak and off-peak period congested speeds (Table A.2 and Table A.3) or from

® The VOT equates to $24.98 per hour and is consistent with the value of time used in the DRCOG Focus model.

" The OpCost is consistent with the auto operating cost used in the DRCOG Focus model.

Cambridge Systematics, Inc.
2-3



Colorado Statewide Travel Model

final modeled speeds from a previous model run. For initial model runs for a new forecast year, the
estimated congested speeds from the lookup tables are generally used while forecasts for a model year with
previously performed model runs will typically use the congested speeds from a previous model run.

2.1.2 Transit Network Path-Building and Skimming Procedures

Transit paths and skims are built for four times of day as shown in Table 2.2. Since StateFocus is a tour-
based model, three sets of transit paths and skims must be are built: walk to transit, drive to transit, and
drive from transit. The drive from transit paths are necessary for return legs from tours since different transit
services and paths may be available by time of day and the drive times to and from park and ride lots may
vary by time of day. Drive access and egress paths are allowed only to or from formal park and ride lots.
The tour-based model components combine the outbound and return legs of the tour based on the
appropriate times of day, as required. For drive access to transit, the same park and ride lot must be
available for the return, drive egress, leg. If either leg does not have a transit path, the drive access mode is
unavailable.

Table 2.2  Time Periods for Transit Network Path-Building and Skimming

Time Period Designator Time Period Duration
Morning AM 6:30 AMi 8:59 AM 2% Hours
Midday MD 9:00 AMT 2:59 PM 6 Hours
Afternoon PM 3:00 PM T 6:59 PM 4 Hours
Evening-Late EL 7:00 PM T 6:29 AM 11% Hours

Source: Cambridge Systematics

Transit paths are based on minimizing a generalized cost for the entire path is calculated as:

Where: Generalized Cost is the cost in 2010 dollars
VOT is the value of time, $0.4164 per minute, in 2010 dollars®
IVTT is the in-vehicle travel time in minutes (this travel time may vary by time period for buses due
to congestion on the roadway network); the following components comprise the IVTT:

Bus IVTT
Bus dwell time at stops
Rail IVTT x 0.8
Auto access (or egress) IVTT

OVTT is the out of vehicle travel time in minutes; the following components comprise OVTT:
Walk access time
Transfer walk time
Walk egress time
First wait time
Transfer wait time

8 The VOT equates to $24.98 per hour and is consistent with the value of time used in the DRCOG Focus model.
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AutoOpCost is the auto operating cost for drive access or egress calculated using the same
procedure outlined in Section 2.1.1
Fare is the transit fare in 2010 dollars

Table 2.3 summarizes the transit skim information stored for each path. All time and cost information is
unweighted.

Table 2.3 Transit Skim Variables

Variable Units Notes

Local Bus In-Vehicle Time Minutes  Excludes Dwell Time

Premium Bus In-Vehicle Time Minutes  Excludes Dwell Time

Bus Dwell Time Minutes  Total, not separately for local and premium
Rail In-Vehicle Time Minutes

Auto Access (Egress) In-Vehicle Time  Minutes

Walk Access Time Minutes
Walk Egress Time Minutes
Walk Transfer Distance Minutes  Can be multiplied by 20 minutes per mile to get walk transfer time
First Wait Time Minutes
Transfer Wait time Minutes
Transit Fare Dollars
Drive Access (Egress) Cost Dollars

Source: Cambridge Systematics
2.1.3 Bicycle and Walk Path-Building and Skimming Procedures

Bicycle and walk paths are built using the roadway network to minimize total impedance, where impedance
is calculated as follows:

04 nQQ0 e momh 8%2?20 Q& A O W
Where: Impedance is the generalized non-motorized mode impedance
Length is the link length in miles
60 is for the conversion from hours to minutes
BikeSpeed is 12 miles per hour
ImpPenalty is a factor for encouraging or discouraging use of different facilities as shown in
Table 2.4

Distances in miles for the minimum impedance paths are stored in the non-motorized skim. When walk or
bicycle times are required for a model component, the non-motorized distances are factored by 20 minutes
per mile (3.0 miles per hour) for walk or 7.5 minutes per mile (8 miles per hour) for bicycle.

Cambridge Systematics, Inc.
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Table 2.4  Non-Motorized Mode Impedance Penalties

Roadway Facility Type Impedance Penalty
Freeway, Expressway, Ramp 500.0
Principal Arterial 40.0

Minor Arterial 4.0
Collector, Centroid Connector 0.8

Cherry Creek Drive! 0.1

Source: Cambridge Systematics
Notes: 1 Cherry Creek Drive is used to represent the grade separated Cherry Creek bike path in Denver.

2.2 PopGen2 Population Synthesis®

PopGen2 is the population synthesis procedure developed for use for the StateFocus model. Population
synthesis involves generating a synthetic population by expanding disaggregate sample data to mirror known
or forecast aggregate distributions (marginal distributions) of household and person variables of interest.

The output of PopGen2 is a synthesized population for Colorado for a specified base year (e.g. 2015) or
forecast year (e.g. 2045). The synthesized population includes information for individuals along with
characteristics of the households of which they are members. Individuals residing in group quarters are
included. Appendix D lists household and population data items output from PopGen2.

For StateFocus, the disaggregate sample data are the 2008-2012 PUMS data (see Public Use Micro
Sample (PUMS) in Section 1.1.3). For the 2010 model calibration and validation process, the 2008-2012
ACS data (see Census Data in Section 1.1.3) were used to develop the required marginal distributions. For
future year forecasts, the required marginal distributions for individual counties are obtained from the

Col orado State Demogr angdeeraladditicaddl marginal digtribuBdn<yr geographies
smaller than counties are developed by CDOT.

2.2.1 Procedure Overview
The PopGen2 procedure is an iterative proportional fitting (IPF)° procedure used to match marginal
distributions of households by household type and persons by person type at a county level and at a TAZ

level for the StateFocus model using the following steps:

1. Initialize sample weights for all TAZs belonging to a given county

PopGen2 is a population synthesis procedure developed by Dr. Ram Pendyala of ASU and adapted for use for the
StateFocus. The material in this section has been adapted from the ASU PowerPoint presentation,
PopGen2_CDOT_SDO.pptx, January 2018. Refer to that documentation for additional detail and information
regarding the implementation of PopGen2 for the StateFocus model.

' PF may also be referred to as marginal weighting or AFratar
individual cells in a seed matrix to more closely match new marginal distributions (e.g. row totals and column totals for
a two dimensional matrix).

Cambridge Systematics, Inc.
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2. Adjust the sample weights for households and persons in TAZs simultaneously so that the household-
and person-level control marginals for the given county are matched (e.g. all households in each TAZ
that fall in the same marginal for regional household type receive the same adjusted weight)

3. For each TAZ, adjust the sample weights to match the household- and person-level control marginals for
the TAZ

Step 1 of the procedure is performed once for each county. Steps 2 and 3 are performed iteratively using
IPF procedures until all marginal distributions are matched within specified tolerance limits.

Once the above three steps are completed for each county, the numbers of households and the populations
for the various combinations of the household and person marginals are known for each TAZ. For example,
at the end of the three steps, the results might show that there should be 16 households with the household
and person characteristics shown in Table 2.5. Of course, there could be numerous other households with
different combinations of household characteristics populated by persons with different combinations of
person characteristics.

Table 2.5  Example PopGen2 Household and Person Characteristics After IPF

Weighting
Characteristics Marginal Descriptions
Source
Household Level Household
Householder Type County More than one adult with children
Householder Age County 25-44
Household Size County 4 persons
Household Income TAZ Medium
Person Level Person 1 Person 2 Person 3 Person 4
Age County 35-44 45-54 15-24 5-14
Gender County Female Male Male Female
Employment Status County Employed Employed Not in Labor Not in Labor
Force Force
Non-Group Quarters Population TAZ Yes Yes Yes Yes

Source: Cambridge Systematics

Once the various combinations of the household and person marginals for each TAZ are known, PopGen2
uses a random process to select households from the PUMS household data that match the varying
household strata. PUMS sample households are selected from the PUMA within which the TAZ is located.
This selection process continues until all households in the TAZ have been synthesized. At the same time,
the person characteristics for each household member are synthesized in a similar manner.

“"The household and person characteristics must, of course, be
househol der type cannot eme 0fiohné kadvulste, wiitfhthe dliulsehol d type
children, 0 there must be two mthehoaseheld adul ts and at | east one

Cambridge Systematics, Inc.
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2.2.2 Geographies

There are 42 PUMASs (Figure 2.2), 64 counties (Figure 2.3), and 6,440 TAZs (Figure 2.4) used for the
PopGen2 process. All PUMS data are assigned to the PUMA2000 Census definition of PUMAS for
Colorado. TAZs nest within counties and, generally, within PUMAs.*? Figure 2.5 shows the coverage areas
of the five MPOs in Colorado as well as the non-MPO area. StateFocus TAZs have been defined by the
MPO TAZs and, thus, nest to the six distinct areas. PopGen2 is applied separately for each MPO and for the
non-MPO areas and the results are combined prior to running the StateFocus model.

Figure 2.2 Colorado PUMAs Used for Disaggregate 2008-2012 PUMS Data

Source:

12 Technically, TAZs generally nest within Census Tracts and Census Tracts nest within PUMAs. There was some
mismatch with the TAZs, Census Tracts, and PUMAs that were resolved in the development of the PopGen2
geographic data input files. In addition, variations in Census Tracts and PUMAs for 2008-2009 and those defined for
the 2010 Census and used for the 2010-2012 PUMS data were resolved in the input geographic data files. The ASU
PowerPoint presentation, CDOT_PopGen2.0_ComprehensivePresentation.xIsx, June 30, 2017, provides additional
detail regarding the rectification of the geographies.

Since census geographies may change for each decennial census, the 2008-2012 PUMS data should continue
to be used as the disaggregate sample data until a complete StateFocus model recalibration is performed.
When the PUMS data source is, ultimately, updated (e.g. to a 2018-2022 time period), detailed checking of
geographies as described by ASU in CDOT_PopGen2.0_ComprehensivePresentation.xlsx will need to be
performed.

Cambridge Systematics, Inc.
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Figure 2.3 Colorado Counties

.

Source: Arizona State University, Slide 6, CDOT_PopGen2.0_ComprehensivePresentation.xIsx, June 30, 2017

Figure 2.4 StateFocus TAZs

Source:  Arizona State University, Slide 6, CDOT_PopGen2.0_ComprehensivePresentation.xlsx, June 30, 2017
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